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This research aims to validate a model for assessing the economic impact
of radio frequency identification (RFID) technology on stock-outs of items
at retail stores in the context of fast-moving consumer goods (FMCG). It is
widely recognized by practitioners and researchers that reducing stock-
outs will increase consumer satisfaction and loyalty, thereby reducing
consumers' necessity to seek required goods from competing retailers and
thereby potentially switching their loyalty and buying habits. Thus,
consumer loyalty to a particular retailer is now considered to be as
important as brand loyalty, if not more so. Empirical on-shelf availability
data used in this article were collected during a two-week pilot study at
two Italian retailers' stores. Availability data for a total of seventy-seven
products from nine product categories was measured and a mathematical
model adapted from extant literature was used to provide an estimate of
RFID impact. This work is the first part of a wider research project whose
ultimate aim is to identify the root causes of stock-outs and to test the
use of RFID technology as a possible solution to out-of-stock
(OOS]products. Despite a recent flourish of publications discussing this
topic and the prioritization of this issue by practitioners, there is as yet no
definitive model for stock-out root cause analysis. This research also has
significant practical implications and the wider project is in part
supported by three major Italian retailers and a number of their first-tier
suppliers, thus emphasizing the importance of this research.
Keywords : Root Cause Analysis, stock-outs, RFID, retail stores, pilot study.
Introduction
'Out-of-stock' (OOS) is the term
used to describe the unavailability
of an item for supply to a customer.
This is a key challenge in the retail
industry, particularly in the highly
competitive grocery sector. An
immediate impact of a particular
OOS item is lost revenue for the
retailer and the supplier of that
item (Schary & Christopher, 1979).
If an item is unavailable to
purchase, consumers will respond
in one of the five ways described by
Corsten and Gruen (2003). From
their global study it was found that
10 percent of consumers will
simply not purchase the item; 15
percent delay their purchase; 19
percent buy a substitute item of the
same brand; 25 percent buy a
substitute item of another brand;
and most significantly 31 percent of
consumers will go to another store
to buy the item. Hence, reducing
OOS will increase consumer
satisfaction and loyalty, thereby
reducing consumers' necessity to
seek the goods they require from
competing retailers and thus
potentially switching their 
loyalty and their customary 
way of purchasing. Consequently,
consumer loyalty to a particular
retailer is now considered to be as
important as brand loyalty, if not
more so (Fernie & Grant, 2008a).
Further, there is a risk that
consumers will be sufficiently
aggrieved to communicate their
experiences to others, causing yet
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more lost business. In the Web 2.0
era, when consumers regularly blog
their grievances, retailers cannot
afford to have empty shelves; word
will soon spread.
To reduce OOS products, a
combination of process responsi-
veness, incentive alignment, 
and operational accuracy is
recommended (Corsten & Gruen,
2003). Focusing on operational
accuracy, the authors believe that
improvement can be gained from
greater inventory level accuracy
coupled with the measurement and
identification of stock-outs. The
implementation of technologies
such as integrated radio frequency
identification (RFID) systems has
the potential to offer real-time
solutions to this conundrum
(McKinnon et al., 2007; Bottani 
& Rizzi, 2008; Fernie & Grant,
2008a).
The research in this article aims to
validate a model for assessing the
impact of RFID on stock-outs of
items at retail stores in the context
of fast-moving consumer goods
(FMCG). Stock-out data used in this
work were derived from a pilot
study involving two retail stores in
Italy. During the pilot study the
inventory level of seventy-seven
items was assessed daily by store
employees and out-of-stock
products were mapped in detail. On
the basis of those data, an
economical assessment of RFID
impact on OOS items is performed
by adapting the model proposed by
Bottani et al. (2009) for the case of
stock-outs of promotional items.
The remainder of the article is
organized as follows. In the next
section, we review the relevant
literature concerning OOS of items
at retail stores. Then, we present
the methodological approach
followed for the assessment of RFID
effect on stock-outs; in particular,
we describe the pilot study
performed to collect the stock-out
data of items and the costs and
savings assessment from input data
are reported. In the following
section, we present the results and
discussion of the impact of RFID on
OOS items based on the data
collected and analysed in the
previous sections. Finally,
conclusions and outlines for future
research are reported.
Literature Review
The criticality of OOS items in the
retail sector
The relevance of OOS items in retail
supply chains is reflected by the
emphasis currently being placed on
it within the research community
and the maturity of the terminology
used to describe and understand it.
This is otherwise known as a 'stock-
out', a term that would most
commonly be heard on the shop
floor as a response to an OOS 
item. Meanwhile some authors
have adopted the term 'out-of-
shelf' to mean the same thing
(Papakiriakopoulos, 2005;
Pramatari & Miliotis, 2008).
Conversely, on-shelf availability
(OSA) is the provision of a product
in saleable condition when and
where the customer requires it
(ECR UK, 2004). Availability is both
quantifiable and scalable, whereas
a stock-out implies an absolute
measure; it is simply out of stock.
Hence, when quantifying
stockholding and replenishment
requirements, availability is the key
performance measure used.
Various academics, practitioners,
and industry bodies are engaged in
the definition, measurement, and
improvement of OSA, as discussed
later.
A broader term commonly used is
'efficient consumer response'
(ECR). This defines a specific
strategy adopted by retail supply
chains to manage and control their
distribution channels (Aastrup et
al., 2008). Conventionally, an
organisation will, as part of their
operations strategy, decide
whether to 'make' (i.e., manufacture
in-house or vertically integrate) or
'buy' (i.e., outsource) particular
items. ECR aims at achieving an
optimal combination of make and
buy strategies across a supply to
achieve an 'efficient consumer
response' (Aastrup et al., 2008).
The economic impact of OOS items
is significant. It is broadly
estimated that the European retail
sector loses approximately €4
billion in sales each year due to
stock-outs. Notably this is based
solely on consumers who opt not to
buy at all, just 9 percent of
European consumers (ECR UK,
2004). This figure does not even
include customers who make an
alternative purchase decision when
faced with unavailability of their
preferred product. Thus retailers
devote substantial resource to
improving on-shelf availability of
items. Nevertheless the OOS issue
is difficult to resolve. It is complex
and influenced by many supply
chain variables, particularly in the
large retail chains of today with
product proliferation, multiple
store locations, vast supply
networks, and volatile market
demand.
The impact of a stock-out
Stock-outs at the supermarket shelf
and back through the supply 
chain can be attributed to errors
and inconsistencies in ordering
practices, replenishment practices,
or planning practices. When stores
place orders with their suppliers,
their forecasts will not necessarily
match actual consumer demand
(Corsten & Gruen, 2003). Hence
there will be a disparity between
order quantities and actual sales,
from either under- or over-
ordering. This inaccurate demand
signal is amplified through the
supply chain due to a lack of
visibility of actual downstream
demand. This is most commonly
known as the 'bullwhip effect',
caused by lengthy demand signal
processing and order fulfilment
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It is broadly estimated
that the European
retail sector loses
approximately 
4€ billion in 
sales each year due 
to stock-outs.
leadtimes (the Forrester effect), by
order batching to reduce deliveries
(the Burbidge effect), by price
variation from promotional
activities, or by rationing and
gaming from over-ordering 'just-in-
case' (the Houlihan effect) (Mangan
et al., 2008). The outcomes of these
last three effects include over-
production and increased
inventories, which perpetuate the
bullwhip effect to create greater
imbalance between supply and
demand. Hence, it is more desirable
to have visibility of actual demand
in real time across the supply chain
to limit the supply of goods only to
what is needed by the consumer.
Even when goods are in the
backroom of a supermarket, the
shelves may not be replenished as
and when required. Replenishment
errors can occur from either
insufficient shelf space being
available, from an inadequate
signal that the shelf requires
replenishment (e.g., incorrect
timing or read errors), or from
backroom inventory handling
practices that impede efficient
movement of items to the shelves
(e.g., inefficient use of floor space)
(Corsten & Gruen, 2003).
Meanwhile inadequate planning
practices may include product
discontinuation not being
communicated by the supplier to
the retailer, insufficient inventory
quantities being shipped, or a
'product drought' from the supplier
being unable to meet demand
(Corsten & Gruen, 2003). These
may be caused by compounded
factors of the bullwhip effect.
Stock-outs, data capture, and
measurement
For an understanding of the OOS
problem, having good data and
precise measurement is essential.
According to Aastrup et al. (2008),
without measurement, there can be
no awareness of the existing
problem, its financial impact, or the
negative impact on shoppers'
perception. There are two common
measurement methods of the
extent of an OOS occurrence:
direct, by means of physical
counting, or indirect, by means of
point-of-sale (POS) data.
The direct method requires store
personnel or third parties to
physically count the effective OOS
items by looking for gaps on the
shelf (i.e., where products are out-
of-stock at the shelf or nearing out-
of-stock). The 'gap scan' process
can be conducted via a visual
inspection or using a handheld
barcode scanner. This practice
enables real-time identification of
the extent of the stock-out and an
understanding of some of the
reasons why a particular product is
out-of-stock, when investigated
further. The limitation of this
approach is that it is very
expensive and also can generate
only intermittent results (Aastrup
et al., 2008). 
The indirect method uses POS data
to identify atypical low sales or
non-sales for particular products
that can be related to partial or
total OOS status. Third parties may
also be given access to the data to
provide independent expert
analyses when the retailers do not
have that expertise in-house. This
approach is less expensive than the
direct method. It offers
management a tool for measuring
performance continuously but
cannot verify the accuracy of the
extrapolated data.
In a study conducted by ECR
France in November 1999, with the
collaboration of Auchan and Nestlé,
a new measurement tool was
developed in an attempt to
overcome the limitations of
previous measurement systems
(ECR Europe, 2003). Based on
lessons learned from that study, the
following specifications were
defined for the new measurement
tool:
• It must be shared (essential for a 
joint effort between suppliers
and retailers).
• The measurements must be 
objective (based on POS data,
without human intervention).
• The information must be available
for each POS named.
• The measurements must be made 
at least daily or on an ongoing
basis.
• It must be possible to repeat the 
measurements or perform them
regularly.
The methodology developed uses
aggregated daily sales data and is
assessed on a per item/day/store
basis to measure partial and total
stock-out by looking at 'usual' and
'real' sales of a reference product:
• A product with usual sales displays
perfect availability.
• A product with abnormally low 
sales is partially out-of-stock.
• A product with zero sales is totally
out-of-stock (ECR Europe, 2003).
Two main measurements have been
established from observations of
zero sales or abnormally low sales:
• Daily rate of total stock-outs (DRTS) 
• Daily rate of partial stock-outs 
(DRPS) (ECR Europe, 2003)
Another important issue is to
establish when and where OOS
measurements should take place. In
fact, product availability on the
shelf has significant variance
throughout the day and the 'last
fifty yards problem' also affects the
non-grocery sector. Replenishment
within the store became a key issue
for UK grocery retailers in the early
2000s and became known as the
'last fifty yards' problem. That is to
say, many of the causes attributed
to OOS items occur between the
receiving door at the back-of-store
and the POS (i.e., the last fifty
yards) (Fernie & Grant, 2008b).
Indeed the Corsten and Gruen
(2003) research indicates that most
OOS situations occur at the store
level, primarily through ordering
and replenishment practices. Stock
delivered from a regional
distribution centre (RDC) was not
being replenished on the shelf; this
situation was aggravated by the
growth of Internet ordering for
groceries and the use of store-
based picking strategies for e-
fulfilment to home shoppers
(Fernie & Grant, 2008b).
The timing and frequency of data
collection is also a fundamental
consideration. Retailers such as
Tesco conduct more than one gap
scan per day on their fastest
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moving lines and aim to
synchronise that data collection
according to consumer behavioural
trends and their own store
replenishment schedules. Due to
the nature of retail store operations
(e.g., the concurrent execution of
shelf replenishment by the store
personnel and the consumers'
shopping), a product's availability
might change during the day, hence
the need for multiple
measurements. Although repeated
measurements could provide a
more accurate insight into product
availability, there are obvious cost
implications (Papakiriakopoulos,
2007). This trade-off must be
considered.
Corsten and Gruen (2003) account
for the increased frequency of data
collection, offering two modes of
measurement:
1. The percentage of products 
unavailable on-shelf at a
particular time
2. The percentage rate calculated 
as the number of times the
consumer does not find the
product, divided by the sum of
times the consumer does find
the product, plus the number of
times the consumer does not
find it
Usually, in the first method
proposed, the OOS rate is reported
for each category individually and
then the categories are averaged to
create an overall rate. The
limitations of this approach include
the arbitrary nature of selections of
the categories, frequency and
timing of the audits, duration of the
study, and human error.
Additionally, lost sales are not
taken into consideration. The
second method usually determines
the OOS rate from store scanner
and inventory data based on
historical sales patterns. This
approach provides the advantage
of determining the whole extent of
stock-outs that actually matter to
the retailer and to upstream
suppliers. The main limitation of
this method is that OOS rates
cannot be calculated for very slow-
moving products.
Another important issue to
consider when measuring the OOS
rate is the presence of promoted
items. In fact, by increasing
demand, promotional activities
magnify and intensify the effects of
supply chain inefficiencies (i.e., the
bullwhip effect) (ECR Europe,
2003). In addition, store formats
show considerable differences with
regard to out-of-stock levels, with
on-shelf availability varying by
about 3 percent between
supermarkets and hypermarkets.
As previous studies confirm,
supermarkets generally perform
better than hypermarkets. This is
directly related to factors such as
less complex assortments in
supermarkets, more employees per
stock-keeping unit, better space
management, and more fast-moving
items (ECR Europe, 2003).
In Table 1, we summarise the
existing OOS measurement and
root-cause analysis methods
It is evident from the extant
literature that (1) OOS assessment
is complex and multi-faceted and
(2) although researchers and
practitioners have invested some
efforts into addressing the issue, a
standardised effective solution has
yet to be implemented. In this
article we present the preliminary
findings from a pilot study in the
Italian retail sector, aiming to
monitor OOS items at retail stores.
Due to the nature of the pilot
project and the limitation of
economical and time resources, our
research employed the first
method of OOS rate measurement
proposed by Corsten and Gruen
(2003), that is, the percentage of
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Table I
Existing models for measuring OOS items
products unavailable on-shelf at a
particular time. We also provide an
estimate of the potential of RFID
technology as a tool for monitoring
product availability and reducing
stock-outs of items.
RFID as a tool for inventory
optimization
RFID is one of several technologies
collectively known as Auto-ID tools,
technologies for identifying objects
automatically. RFID facilitates
product identification through a
combination of tags and readers
and has been successfully applied
to several areas, such as
manufacturing, supply chain,
agriculture, transportation,
healthcare, and services (Nambiar,
2009).
The interest in, and subsequent use
of, passive RFID systems in the
retail supply chain has grown
rapidly in the past few years and
several retailers have launched
RFID initiatives (e.g., Walmart). A
potential area in which RFID can
bring significant benefits to
companies is the field of inventory
management, including inventory
inaccuracy and stock-out
reduction.
Inventory accuracy is one of the
keys to an efficient and effective
supply chain; it is also intrinsically
related to stock-outs because it can
be a cause of a product's
unavailability on the store shelves
(Hardgrave, 2008). Thanks to
automatic data capture and update,
RFID technology is suggested as a
possible tool for reducing stock-
outs stemming from inaccurate
inventory data. In this regard, Rekik
et al. (2008) examined the impact of
RFID on inventory inaccuracies
stemming from execution
problems. The authors assume 
that inventory inaccuracies 
are introduced mainly by
misplacement-type errors that
typically occur at a retail store and
in particular that the quantity of
products received from the
supplier is not available on shelf to
satisfy consumers' demand. They
compared the situation in which
the retailer exploits RFID
technology to rectify errors with
the scenario in which the retailer is
unaware of errors and provides
evidence of the potential of RFID for
reducing inaccuracies.
Hardgrave (2008) developed a pilot
study to assess the potential of
RFID as a tool for increasing
inventory accuracy. The pilot study
took twenty-three weeks and
involved eight test stores that used
a new RFID-based inventory
adjustment tool; outcomes from
such stores are compared with
those obtained from a set of eight
control stores. The results of the
comparison suggest that inventory
accuracy increased by about 13
percent in the stores that exploited
the RFID technology.
As a tool for stock-out reduction
RFID was originally investigated by
Hardgrave et al. (2005, 2006) within
the Walmart distribution channel.
In the first study Hardgrave et al.
(2005) examined twenty-four
Walmart retail stores daily, twelve
of which were RFID-enabled. By
comparing the performance of 
the two groups of stores, they
found that RFID-enabled stores
experienced a reduction in out-of-
stock items. In a further study,
Hardgrave et al. (2006) offer more
findings concerning the impact of
RFID on out-of-stocks as a function
of the sales velocity (i.e., number of
units sold per day) of products and
investigated the root causes of OOS
items and how RFID could reduce
them. According to the authors,
stock-outs at the store shelves 
can be caused by inaccurate
forecasting and ordering systems,
sudden increases in sales, lack of
replenishment from the backroom,
damage, or other issues that make
the product unusable. Their key
finding is that RFID may enable the
detection of stock-outs due to
delays in shelf replenishment. With
RFID, store employees will know
what has been delivered to the
store (and in what quantity) and
whether items received are on the
sales floor or stocked in the
backroom. By combining this
information with POS data, the
employees may have a more
accurate view of inventory 
and may schedule replenishment
interventions when required.
Further, Papakiriakopoulos (2007)
discusses three approaches  that
currently exist for the automatic
(i.e., not relying on physical store
audits) detection of OOS items. One
approach utilises RFID technology.
By using item-level RFID tags and
several readers throughout the
store it is possible to track and
locate every single item, thus
determining product availability.
This is demonstrated in facilities
such as Metro's Future Store,
although the current cost of RFID
tags is a significant barrier to its
widespread adoption at item level.
Methodology
In this section, we describe the
methodological approach used to
estimate the potential savings
achievable with RFID technology
for reducing OOS products. We
start from the model previously
developed by Bottani et al. (2009).
In this study we assume that RFID
tags and EPC network are already
adopted by supply chain players
for product identification in
logistics processes, which is
recognized as the primary
application of such technologies
(Agarwal, 2001; Karkkainen, 2003;
Prater et al., 2005). Consequently,
the cost of RFID and EPC
implementation is not considered
in the model. Since a detailed
analysis of the economic impact of
RFID technology implementation in
logistics processes, including
investments evaluation, has been
previously performed by Bottani
and Rizzi (2008), this study seeks to
explore any additional benefits that
RFID technology can bring when
used to reduce out-of-stocks of
items.
The study by Bottani et al. (2009)
aimed to assess the impact of RFID
on stock-outs of promotional items,
and thus their model is particularly
tailored to the case of sales
promotions. Some modifications to
the existing model were introduced
before being applied to the present
research. They are described in the
following subsections.
Stock-out causes
As a first point, in the case of
promotional items, it is reasonable
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to consider a limited set of stock-
out causes:
• Shelf replenishment issues: In this 
case, promotional items have
been ordered and are available at
the retail store but are not on the
shelf. This can be due to errors in
replenishment from the
backroom or the fact that
promotional items received are
not available on the company's
information system (IS).
• Distribution centre errors in 
picking/shipping: Distribution
centres (DCs) may be prone to
errors in picking or shipping
operations, for example, errors in
products quantity or mix. Such
errors involve delays in items
arriving at the retail store due to
additional activities required to
receive them.
• Late arrival of promotional items:
Encompassing general delays
related to the delivery of
promotional items to retail
stores. Transport inefficiencies
are an example of such delays.
In addition, in this study we also
consider the following accepted
causes of inventory inaccuracy
(Corsten & Gruen, 2003; Kang &
Gershwin, 2007; Waller et al., 2006):
• Inventory inaccuracies: The 
required products were not
ordered by the retail store. This
is because orders are based on
inaccurate inventory data, which,
in turn, can be determined by
errors made during receiving
operations:
- Incorrect reading of products 
received
- Incorrect reading of products sold
- Thefts
- Expired products
• Out-of-stock at the distribution 
centre: The required products
were ordered but were
unavailable at the distribution
centre
• Increase in product demand: Items 
turn out to be out-of-stock as a
consequence of an unexpected
increase in final customer
demand.
The complete scheme of stock-out
causes considered in this study is
shown in Figure 1.
In the present study, it was not
possible to derive the percentage
sharing of these stock-out causes in
a real scenario due to the objective
difficulty of investigating the
reasons why a particular product is
out-of-stock. Hence, the causes for
stock-outs have been estimated on
the grounds of previous studies
based on in-field assessments
(Corsten & Gruen, 2003; Hardgrave
et al., 2006; Bottani et al., 2009). The
corresponding numerical values
are proposed in Figure 1.
As per the model developed by
Bottani et al. (2009), for each cause
of product unavailability, the
potential impact of RFID
technology to reduce the OOS
should be estimated. This is
founded in available literature:
• For shelf replenishment, distribution
centre errors in picking/shipping
and late arrival of items, we refer
to Bottani et al. (2009).
Specifically, it is assumed 
that shelf replenishment and
picking/shipping errors of the DC
can be completely removed when
implementing RFID technology
for product identification, thanks
to real-time visibility of product
flow and the possibility of
automatically checking products
received and shipped, avoiding
errors (Tellkamp, 2006;
Hardgrave et al., 2006; Bottani &
Rizzi, 2008). Conversely, the
impact of RFID on the late arrival
of items is limited because RFID
implementation allows for
monitoring the delivery lead time
of products and identifying
possible delays, but
interventions on such delays are
not always possible.
• In the case of inventory 
inaccuracy, the potential for
reducing OOS items depends, in
turn, on the specific cause of
product unavailability. In
particular, inventory can be
incorrectly manually adjusted by
employees (e.g., when an
employee believes the product to
be out of stock, inventory may be
mistakenly set to zero when in
reality the product is in the
backroom; conversely, an
employee could think a case of
product exists when it doesn't
and incorrectly adjust inventory
upward. Thus, incorrect manual
adjustments can create both
under- and overstated
inventory). These situations
could be avoided if case-level
tagging and real-time data related
to items received were available
on the retail store's information
systems. Conversely, RFID case-
level tagging does not allow
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Figure 1
Stock-out causes considered in this study and corresponding percentage sharing
registration of items sold at the
retail store (for which item-level
tagging would be required) and
thus has no potential to avoid
incorrect reads of product sold.
The same happens for thefts and
expired products (Tellkamp,
2006).
• The implementation of RFID 
technology enables partially
solving stock-out at the DC. OOS
items at the DC can be caused, in
turn, by lack of (or incorrect)
information concerning product
flow in the supply chain, order
flow, or amount of stock
available. In this case, the
implementation of RFID
technology allows for solving 
the stock-out, thanks to 
the possibility of real-time
monitoring product flow in the
supply chain. Conversely, RFID
implementation could not solve
different causes of product stock-
out at the DC (e.g., delay in
manufacturing activities).
• Finally, the implementation of 
RFID technology has no potential
to solve stock-outs due to
increase in product demand.
Input data
In addition to stock-out causes and
the percentage sharing of their
occurrence, other input data
required to estimate the impact of
RFID technology on OOS products
are as follows:
• Average percentage of items 
unavailable at the store shelf. An
appropriate pilot study, whose
details are described in the next
subsection, allowed derivation of
the average number of OOS items
per day;.
• Average annual turnover of the 
retail store. As explained later,
during the pilot study we
examined two retail stores,
namely a supermarket and a
department store. The
corresponding annual turnover is
used in the assessment.
• Customer's reaction to stock-
outs. This point was not
examined in detail in Bottani et
al. (2009); hence, the required
data were taken from Corsten and
Gruen (2003). According to the
authors, out-of-stocks may cause
the customers to (1) delay the
purchase (15%); (2) purchase a
similar item from the same brand
(19%); (3) purchase a similar item
from a different brand (25%); (4)
purchase in a different store
(31%); or (5) do not purchase
(10%).
• Cost of manpower. As per the 
model by Bottani et al. (2009), it
is assumed that when
implementing RFID technology,
one or more employees of the
retail stores should be devoted to
continually monitoring product
availability at the store shelf and
intervening when OOS or near-
OOS products are observed. The
corresponding cost is directly
derived from Bottani et al. (2009).
The pilot study
During the first phase of the project
a pilot study was performed that
intended to assess the shelf
availability of a defined set of
products at two retail stores. The
pilot phase intended to evaluate
the feasibility of monitoring item
availability at retail stores as well
as to derive insights concerning the
inventory level of products
examined. The pilot study was
designed in conjunction with a
board of companies operating as
manufacturers and distributors 
of FMCG. In particular, the
distributors were asked to indicate
either a supermarket or a
department store that could 
be used to perform in-field
measurements of out-of-stocks. The
distributors thus identified the
stores to be analysed and defined
the visiting hours in accordance
with the availability of the store
personnel.
The data collection was performed
from February 16 to March 3, 2009;
during that period, the shelf
availability of products was
assessed daily at the two retail
stores according to the suggestions
from the panel of companies. The
stores investigated were;
• A supermarket, with the following
main features:
- A 1143 m2 area
- 313 annual opening days
- An average annual income of
€9,689,600.00
- Approximately thirty full-time 
equivalent personnel units 
The store handles the following
product categories: consumer-
packaged goods (CPG); fruits and
vegetables; meat; seafood;
delicatessen; cold cuts and dairy
products; frozen food; and
nonfood items. Item availability
was checked from approximately
14.00 hrs to 15.00 hrs.
• A department store, with the
following main features:
- A 1490 m2 area
- 316 annual opening days
- An average annual income of 
€21,576,667.00 
- Approximately seventy full-time 
equivalent personnel units 
The store handles the following
product categories: CPG; meat;
delicatessen; cold cuts and dairy
products; fruits and vegetables;
bakery and bread; seafood;
roasted goods; frozen food; and
nonfood items. Item availability
was checked from approximately
18.00 hrs to 19.00 hrs.
An appropriate document was
designed to collect the data. The
document lists the items examined
during the pilot study and was
manually completed by an
employee dedicated to checking
item availability on the store shelf.
The employee was asked to
indicate (1) items that probably are
not in the assortment of products
sold at the retail store (in which
case, the store shelf lacks a specific
location for those items); (2) items
that are out-of-stock; and (3) items
that are “near” out-of-stock, that is
the number of items available for
sale is fewer than five.
The panel of products to be
monitored during the pilot study
was jointly defined with the board
of companies to be representative
of the items manufactured by those
companies. The sample of items
examined encompasses seventy-
seven nonpromotional items
belonging to the CPG category and
delivered to retail stores from
distribution centres. Conversely,
items received at the retail stores
through direct deliveries are not
recorded. The sample of products
analysed was composed of sliced
salamis (12 items), toothpaste (4
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items), coffee (9 items), ice cream
(11 items), yoghurt (15 items), milk
(5 items), oil (8 items), pasta (11
items), and shampoo (6 items).
Costs and savings assessment
This input data, together with the
percentage sharing of stock-out
causes, are used to quantify the
economical savings resulting from
RFID implementation to reduce
OOS incidences. More precisely,
the economical assessment takes
into account (1) the removal of
turnover losses due to OOS of
items, as a cost saving, and (2) the
cost of employees devoted to
monitoring product availability as a
cost arising. The latter, as
mentioned, is directly derived from
Bottani et al. (2009).
Following the model by Bottani et
al. (2009), savings in turnover
losses are computed starting 
from the corresponding
reduction/removal of stock-out
causes as a consequence of RFID
implementation, according to the
previous description. Moreover, to
correctly charge the turnover loss
between retail store and
manufacturer, the customer's
behaviour previously described is
taken into account. Specifically, as
suggested by Hardgrave et al.
(2006) and Corsten and Gruen
(2003), when customers decide to
purchase a similar item from the
same brand or to delay the
purchase, there are no direct
economical losses for the supply
chain. Conversely, customers
purchasing a similar item from a
different brand or purchasing in a
different store involve an
economical loss for the
manufacturer and for the retailer,
respectively. Finally, when
customers decide not to purchase,
both manufacturer and retailer
experience a corresponding
turnover loss. 
Findings and discussion
The results of the pilot study
performed on the sample of
seventy-seven references are
summarized in Table 2 through
Table 4.
Table 2 shows the average daily
number of references that were
found (1) near out-of-stock (NOS),
(2) correctly available on the shelf
(OK), and (3) out-of-stock (OOS) for
the retail stores monitored. It can
be seen from the results in Table 2
that only a limited number of the
references monitored were
available at the retail stores
examined. More precisely, in retail
store 1, only fifty-nine references
per day were identified (either in
OOS or NOS or OK status) out of
the seventy-seven references
examined; hence, it was assumed
that eighteen references were
probably not in the assortment of
items sold at the retail store.
Similarly, for retail store 2, sixty-
three references were identified
daily (either in OOS or NOS or OK
status), and the remaining fourteen
references were assumed not to be
available in the assortment of items
sold at the retail store. For each
retail store, about two references
per day turned out to be in the NOS
status; moreover, about six
references per day are OOS in retail
store 1, and approximately three
references per day are OOS in retail
store 2. The corresponding
percentage of stock-out items,
computed taking into account the
number of items in the assortment
of the retail store (i.e., fifty-nine and
sixty-three, respectively), accounts
for 10.5 percent and 4.0 percent,
respectively, for the supermarket
and for the department store. 
Table 3 shows the detailed results
of the daily monitoring of
references at the retail stores
examined. For each site, results
reported refer to the number of
references that were found in (1)
NOS, (2) NULL (i.e., the item is
assumed not to be in the
assortment of items sold at the
retail store), (3) OK, and (4) OOS.
The same data are reported in
Table 4 in percentage values.
The results proposed in Table 2 are
used in the present study as the
input data to assess the impact of
RFID technology on stock-outs. In
particular, as mentioned in section
“Input data”, the average
percentage of items unavailable on
the store shelf is required for the
computation. The assessment was
performed separately for retail
stores 1 and 2 given their different
characteristics (i.e., supermarket
versus department store) and the
substantial difference in the
percentage of OOS items (10.5%
versus 4.0%).
By applying the procedure
described in section “Costs and
savings assessment” with the
previous data and the input data
summarised in Table 5, it is found
that the supermarket and the
department store examined
experience about €417,000 and
€353,000 annual turnover loss,
respectively. Such a computation
has been performed considering
the annual turnover of the retail
stores (which was collected during
the survey phase) and the
customer's reaction to stock-outs.
In particular, only reactions
involving an economical loss for
the retail store (i.e., the customer
does not purchase or decides to
purchase from a different store)
were taken into account. 
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Table 2
Average number of references resulting near out-of-stock
(NOS), out-of-stock (OOS), and on the shelf (OK) in the retail
stores examined
It can be seen from Table 5 that the
implementation of RFID has the
potential to reduce OOS products
at retail stores by about 43 percent,
resulting in about €181,000 annual
increase in turnover for the
supermarket and €153,000 annual
increase for the department store.
Finally, the implementation of RFID
technology involves some cost
because supplementary employee
tasks are required for monitoring
the availability of products at the
retail stores. Such costs are
quantified as approximately
€27,000/year for the department
store and €12,000/year for the
supermarket, according to the
computational procedure from
Bottani et al. (2009). The resultant
cost/saving balance accounts for
€169,000/year and €126,000/year,
respectively, for the supermarket
and the department store.
Conclusions and 
further research
This research provides an estimate
of the impact of auto-id
technologies, and in particular
RFID, on out-of-stocks at retail
stores. The stock-out data from a
pilot project were analysed to
assess the percentage of out-of-
stock items at two retail stores in
the FMCG supply chain. The
mathematical model used was
adapted from a previous study that
assessed the potential of RFID
technology as a tool for reducing
the stock-out of promotional items. 
The result of this pilot phase shows
that both retail stores currently
experience a significant stock-out,
which range from 10.5 percent for
the supermarket to 4 percent for
the department store; this
corresponds to an economic loss 
of about €181,000/year and
€153,000/year, respectively. As we
didn't investigate the causes of
stock-out in detail, we derived an
estimate of the RFID impact based
on the percentage of stock-out
occurrence available in the
literature (i.e., Corsten & Gruen,
2003). The resulting economic
figures show that RFID could 
allow recovering approximately
€169,000/year for the supermarket
and €126,000/year for the
department store. Such savings
correspond to 1.59 percent of and
0.59 percent the current turnover,
respectively, for the supermarket
and the department store.
Some limitations of the present
work should also be considered.
The main constraint is that during
the pilot study it was not possible
to derive the percentage sharing of
the stock-out causes because of the
objective difficulty of investigating
the reasons why a particular
product is out-of-stock. Hence, the
occurrence of stock-out causes has
been estimated on the grounds of
previous studies based on in-field
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Table 3
Average number of items found to be near out-of-stock (NOS), out-of-stock (OOS), or available
on the shelf (OK) for each retail store
Table 4
Percentage of items found to be near out-of-stock (NOS), out-of-stock (OOS), or available on
the shelf (OK) for each retail store
assessments (Corsten & Gruen,
2003; Hardgrave et al., 2006; Bottani
et al., 2009).
Nonetheless, this study is the first
part of a wider project that will aim
at performing a more detailed
monitoring of item availability on
the store shelves. Specifically,
during the whole project we will
examine more than one hundred
items, encompassing both
promotional (30%) and non-
promotional (70%) products; the
shelf availability of those items will
be monitored over a six-week
period, at thirty retail stores,
equally shared between
supermarkets and department
stores. The overall project aim is
twofold. In the first instance, we
expect to efficiently derive detailed
stock-out data for the items
monitored (e.g., number and
percentage of stock-outs for each
product category examined, stock-
out duration, etc.). Second, the
project is also intended to
investigate the causes that involve
item unavailability at the store
shelves, which, as mentioned, were
not examined “in-field” in this
study. Our future research
activities will enable us to provide a
more reliable estimate of stock-out
causes, thus allowing efficient
assessment of the potential of RFID
technology to reduce the number
out-of-stock products at retail
stores as well as to confirm or
refine the results presented in this
study.
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